INTRODUCTION
Peripheral neuroblastic tumors (pNTs) are a heterogeneous group of tumors that do not have a simple and reproducible morphological diagnosis and of which prognosis is variable, mainly due to the following features: a) pNTs can arise in the adrenal medulla, sympathetic ganglia, and sympathetic paraganglia; b) these tumors exhibit complex histological findings; c) they do not have uniform terminology and criteria for the designation of types and subtypes and d) they are often diagnosed on the basis of a biopsy sample from the primary tumor or from a metastatic site, in which only a small portion of the tumor is available for the histological examination. Furthermore, to explain the biological relevance of the morphologic classification, pathologists now have to associate prognostic markers to the histological examination to better identify patients that will be assigned to different therapeutic protocols. Classical prognostic indicators such as age, 1,-4 histological category or the International Neuroblastoma Pathology Committee 5, 6 Prognostic Group (INPC) are usually applied to large series of patients. Additionally, the criteria proposed by the INPC 5, 6 are only applicable when the entire or at least the major portion of the primary tumor is excised. However, sometimes the pNTs have already metastasized at the clinical presentation or the tumor cannot be surgically excised. In these cases, one may decide to perform only a biopsy from the primary tumor or from the metastasis (lymph node, liver, skin, bone marrow, or rarely, other sites) to attain the diagnosis. If the biopsy specimen is inadequate for the classification of the tumor type or subtype, tumor markers must be associated to the histological evaluation. At the histological examination, pNTs basically consist of small round cells, scattered around the loose stroma, the neuropil. The small round cell component frequently requires a differential diagnosis with lymphoma, Ewing's sarcoma and embryonal rhabdomyosarcoma, among others. Therefore, there is great interest in finding ways to identify which tumors are likely to recur and shorten survival, mainly in small series of patients.
In this regard, many authors have studied biological and diagnostic markers in tumors to discover which of these markers might be related to tumor diagnosis, recurrence and shortened survival. Because the monoclonal antibody NB84 directed to an unknown molecule of 57 kDa can provide considerable assistance in the recognition of the neuroblastic differentiation, NB84 has been thought to be important as an adjuvant to the diagnosis in the routinely processed specimens. [7] [8] [9] In addition, as the nuclear and stromal activity of tumor cells have been shown to influence tumor invasion and metastases, specific markers such as AgNOR, [10] [11] [12] DNA ploidy, [13] [14] [15] Ki-67, 16, 17 p53, 15, 16, 18 collagen and neuropil matrix components have also been targeted as potential useful tumor markers. 16, [19] [20] [21] [22] To validate the importance of NB84, synaptophysin and AgNOR and to explore the quantitative relationship between these factors and histological diagnosis and prognosis, as well as the relationship between NB84, synaptophysin and AgNOR and other tumor and stromal factors, we studied these markers in peripheral neuroblastic tumors and herein report our results.
MATERIAL AND METHODS

Peripheral Neuroblastic Tumors (pNTs)
Out of 300 NTs diagnosed from 1992 to 2002, a total of 28 cases from the Surgical Pathology Archives were included in this study ( Table 1) . The inclusion criteria comprised the following conditions: 1) specimen obtained by biopsy or surgical resection from the primary tumor; 2) no chemotherapy or radiotherapy treatment prior to the diagnosis; 3) sufficient amount of tissue in the paraffin blocks to perform serial sections for histochemical and immunohistochemical preparations and more than 10 mediumpower (100·) fields of adequate tissue for microscopic evaluation; and 4) medical records with adequate information. Small incisional biopsies from the primary or a metastatic site, possibly not representative of the tumor, were excluded from the study. Clinical staging was performed according to the revised International Neuroblastoma Staging System (INSS) criteria. 23, 24 Treatment included surgery for stage 1 (except for patient 13, who also received chemotherapy), chemotherapy and bone marrow transplantation for most of stages 3, 4; patient 4S received chemotherapy as well as undergoing surgery. All cases were reviewed and the classification according to the INPC system was applied. 5, 6 The following histological categories were defined: a) undifferentiated neuroblastoma ( Figure 1A ), undifferentiated pleomorphic neuroblastoma, poorly differentiated neuroblastoma ( Figure 1B ) and differentiated neuroblastoma ( Figure 1C) ; b) atypical nodular ganglioneuroblastoma, intermixed ganglioneuroblastoma ( Figure 1D ) and classical nodular ganglioneuroblastoma and c) maturing ganglioneuroma and mature ganglioneuroma. The histopathological classification and the staging data are shown in Table 1 . The clinical records were reviewed for data concerning the relapse-free intervals and overall survival (Table 1) .
Morphological Study
Immunohistochemistry
After surgical resection or biopsy, the tissue was formalin-fixed in 10% neutral-buffered formalin and processed for routine histological analysis. The expression of p53, Ki-67, NB84 and synaptophysin was evaluated by immunohistochemistry, using the avidin-biotin immunoperoxidase technique. The antibodies used were: NCL-NB84 monoclonal mouse (clone NB84a; dilution of 1:400; Novocastra Laboratories -Newcastle, UK); monoclonal mouse antihuman directed to p53 protein (dilution of 1:100; Dako A/S, Glostrup-Denmark); monoclonal antibody directed to Ki-67 antigen (MIB-1; dilution of 1:100; Immunotech, Marseille -France) and monoclonal antibody to synaptophysin (363 M; dilution of 1:400; BioGenex, CA-USA). Brownish nuclear, membrane or cytoplasmic staining was considered to be evidence of the antigen expression by the cells, according to Ki-67 ( Figure 1E , 1F), p53 ( Figure 1G ), NB84 ( Figure 1H ) and synaptophysin expression ( Figure 1I ), respectively. The positive index for each antibody was systematically determined in the "hot spot" areas. 25 The counting of positive cells was performed for Ki-67, p53 and NB84 at a magnification of X1000 in noncoincident microscopic fields, counting a total of 1,000 tumor cells. The results were expressed as the index of positive cells. Synaptophysin was quantified in an image analyzer system. The positive areas occupied by this structure within a known tumor area were expressed in square micrometers (mm 2 ).
AgNOR. Slides for AgNOR evaluation were stained with the modified one-step silver colloid method 26 in 3-mm thick sections. A total of 100 cells per case were analyzed at a 1000x magnification and the results were expressed in terms of mean area (mm 2 ) occupied by the dark dots inside the nucleus of the tumor cells ( Figure 1J) . Extracellular Matrix. Collagen fibers were stained with a 0.2% Sirius red solution (Direct Red 80, CI 35780, Aldrich, Milwaukee, WI) dissolved in aqueous saturated picric acid solution. This staining method has been used since 1964 for collagen staining in histological specimens. The enhancement of collagen birefringence promoted by the picrosirius polarization method is specific for collagenous structures consisting of aggregates of orientated molecules. [27] [28] [29] Five different fields were randomly selected and the density of collagen fibers was quantified at a magnification of x200, using an image analysis system (software Bioscan-Optimas 5.1, Bioscan Inc; Edmonds, Wash). The threshold for collagen was selected for individual cases, after enhancing the contrast up to a point at which the fibers were easily identified. The amount of collagen fibers was expressed in square micrometers ( Figure 1K, 1L) .
DNA. Tissue sections were treated with 5N hydrochloric acid for 60 min at room temperature and then stained with the DNA Feulgen staining (Tripath Imaging Inc, Feulgen Biological Stain Kit, Auto Cyte -TI, Inc Burlington, NC, USA), Slides containing pellets of diploid and tetraploid hepatocytes (Cell Analysis Systems) were used as controls. Following dehydration with ethyl alcohol and clearing in xylene, the slides were coverslipped with Entellan (MERCK ® ). The evaluation of the nuclear DNA was performed in a digital image analyzer, using the CAS -"Quantitative DNA analysis" software (version 3.0). Control cells with a known DNA content (tetraploid rat hepatocytes) were analyzed to determine the optical density of each slide, allowing the system calibration (external control). DNA from endothelial cells present in all specimens was measured separately and was used as the internal control. The DNA content of 200 tumor cells from every slide was analyzed. A frequency histogram using cell count vs. DNA content was generated. The results were expressed as DNA index (ID), and the tumor cells were classified as: diploid (ID: 0.8 -1.2); tetraploid (ID: 1.8 -2.2) and aneuploid for the other indexes. 16 
Statistical Analysis
The association between age, tumor stage, histological categories, INPC Prognostic Group, AgNOR, Ki-67, p53, NB84, DNA, collagen and synaptophysin was verified in subgroups of patients stratified by tumor recurrence using Fisher's exact test. For this analysis, AgNOR, Ki-67, p53, NB84, collagen and synaptophysin were dichotomized at the median. When applying the INPC pattern for age distribution, three groups were obtained: <18 months, 18 to 60 and > 60 months. Survival was illustrated by KaplanMeier curves. Cox regression analysis was used to examine the relationship between pathological variables and mortality, controlling for other potential confounders including patients' age, stage, histological categories and INPC Prognostic Group. The impact of AgNOR was verified regarding survival time and recurrence, added as covariable dichotomized at the median (low and high) and as a continuous covariable. All statistical analyses were performed using the SPSS software program (SPSS Inc., Chicago, IL, version 9.0). The statistical significance was set at p< 0.05.
RESULTS
The patients' ages at diagnosis ranged from 1 to 78 months ( Figure 2B ). Equally significant was the higher expression of NB84 (217/1000) in 12 (42.9%) cases with disease recurrence compared to low expression (20/1000) in 13 (46.4 %) cases without recurrence (p<0.01; Table 2, Figure 2C) . A significant difference (p= 0.008) was found between the low amount (505.6 mm 2 ) of synaptophysin found in 10 cases (35.7%) with tumor recurrence and the high expression (7591.8 mm 2) of this neuroendocrine marker detected in 11 cases (39.3%) without tumor recurrence (Table 2, Figure 2D ). Difference between the high amount of collagen (16904.1 mm 2 ) found in 9 (32.1%) cases with tumor recurrence and the low amount (3227.2 mm 2 ) present in 10 (35.7 %) cases without tumor recurrence attained marginal significance (p=0.06, Table 2 ). No statistical difference was found for the low and high expressions of Ki67, p53, DNA Ploidy and presence or absence of tumor recurrence. 
Survival Time Analysis
The preliminary examination of the Kaplan-Meier survival curves (data not shown) demonstrated that, in this study, only patients with pathological stages 3 and 4 had different hazards for survival, with a median time of 92 and 29 months for each group, respectively ( Figure 2E ). The results of the Cox model are shown in Table 3 . Two variables were significantly associated with survival time: pathological stage and AgNOR expression. We observed that stage was significantly related to survival time and recurrence, even when the AgNOR expression was not considered (p = 0.004 and 0.003, respectively). However, when AgNOR was added as a covariable, its association with survival and tumor recurrence was much stronger. The overall likelihood ratio (survival vs recurrence) using only tumor stage was 29.71 and 60.0, respectively. When the AgNOR expression was associated (cutoff of 5.0 m 2 ) to the stage, the likelihood ratio for survival and recurrence changed to 38.13 and 65.9, respectively. We also observe that the prognostic information provided by the AgNOR estimation was maximized when this parameter was used as a continuous variable, that is, without using a cutoff level (41.65 and 65.58, respectively). The association between survival time and AgNOR expression is illustrated by the plots in Figure 2. The group with AgNOR < 5 mm 2 appears in the upper curve. Their median survival time was not reached during the follow-up period of observation, but it was quite long, at 100.33 months. On the other hand, the cases that presented AgNOR> 5 mm 2 (lower curve) had a median survival time of only 92 months (p=0.05 by log rank test). Figures 2G and 2H we present the cumulative hazard curves for recurrence, according to stage (log rank test 11.8; p = 0.008) and AgNOR as a continuous variable (log rank test 67.2; p < 0.001).
DISCUSSION
The majority of the small blue round-cell tumors can be diagnosed by the conventional histological analysis. However, diagnostic difficulties are often observed with the less differentiated ones, which show no neural, rhabdoid or epithelial differentiation at light microscopy. Immunohistochemistry has proved to be a useful adjunctive method for the differential diagnosis of these tumors. 7, 8, 23 This is particularly true for the identification of lymphomas and leukemia, which are the most frequent members of this group of tumors. However, the diagnosis of neuroblastomas is more complex. There are only a few available monoclonal antibodies with reactivity against these tumors cells and these antibodies present variable and limited specificity and sensitivity for the routinely processed material. 8 In this study, we tested the monoclonal antibody NB84, which showed immunoreactivity in approximately 90% of the tumors. Similar results were obtained by Thomas and coleagues 8 , who observed reliable staining of 17/19 (90%) neuroblastomas, which was negative for all other tumors except for Ewing's sarcomas, of which 9/14 (64%) showed mainly focal positivity. This finding suggests that NB84 provides considerable assistance in the recognition of neuroblastomas and thus it is important to allow the most appropriate therapy to be established. Furthermore, we found a higher number of NB84 positive cells in the group of patients that presented tumor recurrence, the majority of them undifferentiated or poorly differentiated neuroblastomas, once more showing that NB84 can be used to predict the behavior of these tumors. Compared to NB84, we found that synaptophysin, a neuroendocrine marker of well differentiated cells, was positive in 100% of the cases and highly expressed by tumors without potential for recurrence, making synaptophysin a potential marker to predict tumor behavior. Similar findings were also observed by Miettinen 7 and Bozzi. 30 For clinical and pathological use, it would be desirable that the aforementioned adjuvant methods could also provide information related to tumor prognosis, in addition to being easy to perform as well as rapidly assessable and reproducible. 9 Considering the large variety of tumors and the diversity of their biological behaviors, there is no universal marker that fulfills all these conditions. A variety of new markers has been proposed to aid in the diagnosis of some tumor types and to better evaluate the prognosis of these tumors. Recently, the quantitation of interphasic NORs has been associated with growth rate in neuroblastoma cell lines. 11 A decreasing number of nucleolar organizer regions was found to be associated with histopathological grades, high nerve growth factor receptor (TRKA) expression and a better survival. 12 Addditionally, stage IVS patients, lymph nodes and distant metastasis exhibited reduced nucleolar organizing region counts when compared with stage IV. 10 Therefore, for all these reasons, we should not be surprised at the fact that that staining for AgNOR provides important prognostic information about pNTs and our results have now confirmed the prognostic importance of AgNOR in pNTs. Whereas only three prior studies were able to show a significant association between staining for AgNOR in the tumor and survival [10] [11] [12] our results suggest that staining for AgNOR, used as a continuous variable, provides more prognostic information than the routine pathological staging. Although we were unable to identify a binary cutpoint in AgNOR, a natural dividing point was the median of 5.0 mm 2 of nucleoli area expressing AgNOR and this point provided a practical means to separate them into two groups: patients with an expected short survival versus patients with an expected longer survival. Thus, staining of the pNTs for AgNOR offers us the potential to offer the use of adjuvant chemotherapy in patients likely to recur after the surgical excision of pNTs. In summary, to reach this conclusion will require a larger study in a randomized and prospective trial and we also believe it is important to validate our quantitative assessment of AgNOR in additional pNTs.
Among the microenvironmental features, the extracellular matrix components (collagen density) seems to be an important prognostic parameter, mainly in some special cancer types 16, 19 . Although several studies of extracellular matrix proliferation in cancer have been carried out 20, 21 the association of these parameters with nuclear changes and oncogenic characteristics in pNTs, as well as the impact of these factors on prognosis have not been previously considered. Although with marginal significance, our data showed that tumors with higher collagen density were at an upper risk for recurrence. The extracellular matrix is an important, although poorly understood, collagenous host response to tumor invasion 22 . Shimosato et al 19 reported one of the first studies about the impact of the extracellular matrix proliferation on cancer prognosis. They showed that tumors with a rich extracellular matrix tend to present higher blood vessel invasion and a greater incidence of lymph node metastasis, carrying a poor prognosis when compared to cases with low or no extracellular matrix proliferation. Regardless of the mechanism, the quantification of collagen can also provide prognostic information in pNTs. Other classic markers investigated in our study were Ki-67, 17 p53 15, 18 and DNA ploidy, 13, 14, 23 which did not show association with NTs prognosis.
Finally, we should explain the negative results of classical prognostic indicators such as age, [1] [2] [3] [4] histological category or INPC Prognostic Group 5, 6 in our series. Based on the literature and the recent published article by Sano and colleagues, 31 the International neuroblastoma pathology classification adds independent prognostic information beyond the prognostic contribution of age. Age has been used as a prognostic factor for patients with peripheral neuroblastic tumors (pNTs). According to these authors, the analysis disclosed a cutoff of around 18 months for the optimal prognostic distinction. The International Neuroblastoma Pathology Classification (INPC) differentiates favorable from unfavorable histology based on the age-appropriate evaluation of histological indicators (grade of neuroblastic differentiation, mitosis-karyorrhexis index) in the categories of nodular neuroblastomas and ganglioneuroblastomas. Sano´s study 31 showed that age, which was tested by using 3 different cutoffs (12, 18 and 24 months), was prognostically significant. INPC remained prognostically significant regardless of the age group to which it was applied. Prognostic effects of age and histological indicators were independently significant, i.e., age had a prognostic capacity beyond that of histological indicators, and histological indicators had a prognostic capacity beyond that of age. Due to the fact that INPC incorporated the age factor (18, 60 months) into the system, it was better than age alone for the prognostic differentiation of pNT patients. Based on the literature and the recent published article by Sano and colleagues, who studied a series of 911 patients, the INPC adds independent prognostic information beyond the prognostic contribution of age. The great series of patients studied by these authors allow to better understand the definite role of classical prognostic indicators such as age, histological category and INPC. Prognostic Group and probably explains our negative findings. 31 Despite the limitations observed in a small series of patients, we concluded that the determination of NB84 and synaptophysin are useful tools for the histological diagnosis of pNTs. When these markers are associated with the evaluation of the AgNOR expression by the tumor cells, they provide an important contribution to the prognostic evaluation and management approach of patients with pNTs. Further studies with a larger number of cases should be developed to assess the real value of the associated quantitation of NB84 and synaptophysin to the AgNOR expression for better diagnosis and prognosis attainment in patients with peripheral neuroblastic tumors.
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OBJETIVO: Estudar a importância dos marcadores NB84
e AgNOR e explorar as relações quantitativas entre esses marcadores com o diagnóstico e prognóstico assim como as relações entre NB84 e AgNOR e outros marcadores tumorais e estromais em 28 tumores neuroblásticos periféricos. MÉTODOS. Examinamos AgNOR, NB84 e sinaptofisina e vários outros marcadores em tecidos tumorais de vinte e oito pacientes com tumors neuroblásticos primários. Tratamento dos pacientes incluiu: cirurgia para o estágio 1, quimioterapia e transplante de medula óssea para a maioria dos pacientes nos estágios 3 e 4. Utilizamos histoquímica, imunohistoquímica e morfometria para avaliar a intensidade e extensão de expressão do AgNOR, NB84 e sinaptofisina, tendo o prognóstico dos pacientes incluído o tempo de sobrevida até a morte por recurrência dos tumores neuroblásticos. RESULTADOS. Estadiamento (p<0.01), AgNOR (p<0.01), NB84 (p<0.01) e sinaptofisina (p=0.01) foram marcadores independents de sobrevida. CONCLUSÕES. A determinação dos marcadores NB84 e sinaptofisina mostrou-se como uma ferramenta útil no diagnóstico dos tumors neuroblásticos periféricos; a associação desses marcadores à expressão de AgNOR pelas células tumorais contribuiu à determinação do prognóstico e estabelecimento do protocolo terapêutico para os pacientes.
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